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1. EXECUTIVE SUMMARY 
Nine (9) monitoring wells were sampled and one (1) surface water sample was collected 
at the Marshall Steam Station Flue Gas Desulfurization (FGD) Landfill on March 16, 
2009.  The FGD Landfill at Marshall Steam Station is located near Terrell, North 
Carolina. Groundwater monitoring wells MS-8, MS-9, MS-10, MS-11, MS-12, MS-13, 
MS-14, MS-15, and MS-16 comprise the groundwater monitoring system for the landfill 
permitted under NCDENR Solid Waste Permit #18-09.  Groundwater elevations were 
measured at the sampled monitoring wells on that date.  The surface water sample 
location is identified as SW-1 and is located in a drainage feature south of the landfill. 
 
The sampling was conducted by Duke Energy according to North Carolina Solid Waste 
Management Guidelines and the parameters were sampled determined by Duke and 
NCDENR Division of Solid Waste. Samples were analyzed by a North Carolina certified 
laboratory.   
 
Results were below the corresponding NCAC 2L groundwater quality standards from the 
sampled monitoring wells and the surface water sample with the exceptions noted below: 

• pH – pH values below 6.5 were measured wells MS-8, MS-10, MS-11, MS-12, MS-
13, MS-14, and MS-16.   

• pH – A pH value above 8.5 was measured in well MS-15. 

• Iron – Concentrations in excess of the NCAC 2L groundwater quality standard for 
iron of 300 μg/L were measured in wells MS-8, MS-11, and MS-16. 

• Manganese – Concentrations in excess of the NCAC 2L groundwater quality 
standard for manganese of (50 μg/L) were measured in monitoring wells MS-8 and 
MS-16. 

• Iron was detected in the surface water sample (SW-1) at a concentration exceeding 
the NCAC 2L groundwater quality standard. 

 
Results were below the corresponding Solid Waste Section Limits (SWSL) for all of the 
sampled wells and the surface water sample with the exceptions noted below: 

• Barium - Concentrations of barium in excess of the SWSL standard of 100 μg/l 
were measured in wells MS-8, MS-10, and MS-13. 

• Chromium – Concentration of chromium in excess of the SWSL standard of 10 μg/l 
was measured in wells MS-8 and MS-15. 

• Zinc – Concentration of zinc in excess of the SWSL standard of 10 μg/l was 
measured in wells MS-8. 

• Iron was detected in the surface water sample (SW-1) at a concentration exceeding 
the SWSL. 

 

The preliminary analysis of the cause and significance of these values is provided in 
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Section 4.2.  A summary of the laboratory analytical results is provided in Table 1. 

2. BACKGROUND 
Marshall Steam Station is owned and operated by Duke Energy Carolinas (Duke).  
Marshall Steam Station is located in Catawba County, on Highway NC 150, just west of 
Lake Norman.  The Marshall plant generates 2090 MW of electric power by combustion 
of coal, enough electricity to power over one and half a million homes.   
 
The plant is located in the Piedmont physiographic region. The subsurface conditions in 
the plant area consist of residual soils and partially weathered rock which have been 
formed by the in-place weathering of the parent rock.   
 
The FGD landfill is located northwest of the power plant and west of the onsite ash basin.  
Only Cell 1 of the landfill is in operation and is approximately 18 acres in size.  The 
location of the permitted landfill areas and the wells is shown on Figure 1.  In general, 
the topography of the site slopes from the west-northwest to the east towards the active 
ash basin.  Monitoring well MS-8 is located upgradient from the landfill and serves as the 
background well. 
 
The landfill is permitted to receive FGD residue (gypsum) and clarifier sludge.  The 
clarifier sludge is generated from the FGD wastewater treatment system. 

3. SCOPE OF WORK 
To complete the scope of work, S&ME completed the following tasks: 

• Received information provided by Duke on field sampling and measurement of 
groundwater elevations (performed by Duke) for monitoring wells MS-8, MS-9, 
MS-10, MS-11, MS-12, MS-13, MS-14, MS-15, and MS-16.  This sampling was 
conducted on March 16, 2009. 

• Received field sampling information provided by Duke for surface water sample 
SW-1, collected on March 16, 2009. 

• Review of laboratory analytical results for samples.  These analyses were 
performed by a North Carolina certified laboratory, using State approved methods. 
These results were provided in both in paper format and in an EXCEL file.  The 
EXCEL file was manipulated to conform to the format requirements of the 
NCDENR Electronic Data Deliverable template.  

• Develop a groundwater flow contour map using map data and groundwater 
elevation data supplied by Duke. 

• Provide a preliminary evaluation of the cause and significance of values exceeding 
NC 2L groundwater standards. 

• Prepared and submitted this Groundwater Monitoring Report to Duke and to 
NCDENR. 
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4. RESULTS 

4.1 Site Groundwater Flow  
Groundwater flow contours for the site are shown on Figure 1.  These contours were 
developed using the measured groundwater elevations in the wells from the March 16, 
2009 sampling and from using the approximate surface water elevations for the Marshall 
Ash Basin. 
 
Groundwater flow at the site is from areas of higher topography towards the Ash Basin.  
Well MS-8 is located northwest of the landfill and is at the highest topographic elevation.  
Groundwater flow is generally from the west to east towards the ash basin. 

4.2 Groundwater Analytical Results 
The results of the laboratory analyses for the groundwater monitoring well samples are 
summarized in Table 1.   
 
Results from the monitoring wells were below the corresponding NCAC 2L groundwater 
quality standards with the exceptions noted below: 

• pH – pH values below 6.5 were measured in monitoring wells MS-8, MS-10, MS-
11, MS-12, MS-13, MS-14, and MS-16.  The detected pH values below 6.5 ranged 
from 4.9 in MS-10 to 6.2 in MS-16.  A pH value above 8.5 was measured in 
monitoring well MS-15.   

Monitoring well MS-8 is considered to be a background well and should not be 
impacted by effects from the landfill.  Monitoring well MS-11 is located 
hydraulically upgradient of the landfill and should not be impacted by effects from 
the landfill.  The pH values detected in wells MS-12, MS-13, MS-14, and MS-16 
fall within the pH range observed in wells MS-8 and MS-11.  Based on this 
information, the pH values detected in wells MS-12, MS-13, MS-14, and MS-16 are 
believed to be reflective of the natural groundwater pH in the area. 

The pH value measured in monitoring well MS-10 (4.9) corresponds with the 
historical pH values measured in monitoring well MS-10.  The pH value measured 
in monitoring well MS-15 (9.2) is slightly lower than the pH value measured in 
September 2008 (9.8).  The elevated pH value detected in well MS-15 in September 
2008 marked a significant pH increase when compared to data from previous 
sampling events (6.96 to 7.92).  Continued monitoring of the pH at well MS-15 is 
needed to determine if a trend of increasing pH values exists. 

• Iron – Concentrations in excess of the NCAC 2L groundwater quality standard for 
iron (300 μg/L) were measured in wells MS-8 (5,670 μg/L), MS-11 (574 μg/L), and 
MS-16 (3,810 μg/L).  Monitoring wells MS-8 and MS-11 should not be impacted 
by effects from the landfill.  The detected iron concentrations at MS-8 and MS-11 
are believed to be reflective of natural iron concentrations in the groundwater.  The 
measured iron concentration in MS-16 is less than previous historical 
concentrations and are less than the concentration measured in background 
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monitoring well MS-8. 

• Manganese – Concentrations in excess of the NCAC 2L groundwater quality 
standard for manganese of (50 μg/L) were measured in monitoring wells MS-8 
(75.6 μg/L) and MS-16 (51.5 μg/L).  Monitoring well MS-8 is considered to be a 
background well and should not be impacted by effects from the landfill.  The 
measured manganese concentration in MS-16 is less than previous historical 
concentrations and the concentration measured in background monitoring well MS-
8. 

4.3 Surface Water Analytical Results 
The results of the laboratory analysis for the collected surface water sample (SW-1) are 
included in Table 1.  This location is at a spring head, located south of the landfill. 
Results from the surface water sample were below the corresponding NCAC 2L 
groundwater quality standards with the exceptions noted below: 
 

• pH – a pH value of 6.1 was detected in surface water sample SW-1, which is below 
the NCAC 2L groundwater quality standard of 6.5.  The pH value is similar to the 
historical pH values detected in surface water sample SW-1. 

• Iron – Concentration of 2,210 μg/L was detected in surface water SW-1.  The 
detected concentration exceeds the NCAC 2L groundwater quality standard for iron 
of 300 μg/L.  The detected iron concentration is less than initial concentration 
measured in surface water sample SW-1. 
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Page 1 of 2

Facility: Marshall Steam Station FGD Residue Landfill # 18-09 Certificate Codes:
Sample Date: March 16, 2009   (Field and Geochemistry Data)

Duke Power Lab #248
Duke Power Field #5193
Pace Analytical #12

Certificate 15A NCAC
Parameter SW ID Units Codes SWSL 2L*

Field pH 320 Std. Units 5193 6.1 6.8 4.9 5.4 5.0 5.1 6.5-8.5
Field Spec. Conductance 323 umho/cm 5193 43 119 23 40 23 94

Temperature 325 C 5193 14.7 15.0 14.5 14.3 14.3 14.1
Top Casing 328 msl-feet  872.34 868.04 851.29 859.78 835.66 841.90

Depth to Water 318 feet  47.07 44.57 17.93 33.95 23.60 30.63
Water Elevation 319 msl-feet 825.27 823.47 833.36 825.83 812.06 811.27

Well Depth 41 feet  51.58 53.00 23.34 42.72 31.09 41.52
Arsenic 14 ug/L 12 5.0 U 5.0 U 5.0 U 3.4 J 5.0 U 5.0 U 10 50
Barium 15 ug/L 12 107  33.0 J 147  62.9 J 65.7 J 110  100 2000
Boron NE ug/L 12 50.0 U 50.0 U 50.0 U 5.7  6.3  50.0 U NE 315

Cadmium 34 ug/L 12 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 1.75
Chloride 301 ug/L 12 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U NE 250000

Chromium 51 ug/L 12 24.4  1.9 J 1.0 J 3.1 J 0.92 J 5.0 U 10 50
Copper 54 ug/L 12 6.7 J 5.0 U 0.3 J 0.5 J 0.41 J 5.0 U 10 1000
Fluoride 312 ug/L 12 170.0 J 110.0 J 100.0 U 100.0 U 100.0 U 100.0 U 2000 2000

Iron 340 ug/L 12 5670  78.5 J 283 J 574  110.0 J 42.7 J 300 300
Lead 131 ug/L 12 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 10 15

Manganese 342 ug/L 12 75.6  12.5 J 36.2 J 12.0 J 16.3 J 16.2 J 50 50
Mercury 132 ug/L 12 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 1.05
Nickel 152 ug/L 12 15.0 J 5.0 U 1.8 J 5.0 U 5.0 U 5.0 U 50 100

Nitrate (as Nitrogen) 303 ug-N/L 12 224 J 116 J 1370 J 100 U 100 U 3200 J 10000 10000
Selenium 183 ug/L 12 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10 50

Silver 184 ug/L 12 0.25 J 0.32 J 5.00 U 0.32 J 0.23 J 0.87 J 10 17.5
Sulfate 315 ug/L 12 5000 U 5000 U 5000 U 5000 U 5000 U 5000 U 250000 250000

Total Dissolved Solids 311 ug/L 12 68000  92000  30000  58000  30000  80000  NE 500000
Zinc 213 ug/L 12 18.1  7.4 J 8.9 J 10.0 U 1.6 J 10.0 U 10 1050

Notes:
15A NCAC 2L = 15A NCAC 2L .0200, Groundwater Quality Standards for Class GA groundwater 
NC SWSL = North Carolina Solid Waste Section Limit
J = Parameters are estimated values greater than MDL but less than the SWSL
U = Value below Laboratory Reporting Limit
BOLD VALUES indicate a values that attain or exceed the 15A NCAC 2L Groundwater Standards. 
Values in gray cells indicate values that attain or exceed the SWSL.
Values shown in italics represent values reported by the laboratory as Non Detect.  Duke has chosen to present these values as equal to the Laboratory Reporting Limit.
* Maximum Contaminant Level (MCL)
NE = Not established

1809-MS-12 1809-MS-13
 Monitoring Well Identification

April 30, 2009DUKE ENERGY
GROUNDWATER MONITORING REPORT

1809-MS-8 1809-MS-9 1809-MS-10 1809-MS-11
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Facility: Marshall Steam Station FGD Residue Landfill # 18-09 Certificate Codes:
Sample Date: March 16, 2009   (Field and Geochemistry Data)

Duke Power Lab #248
Duke Power Field #5193
Pace Analytical #12

Certificate 15A NCAC
Parameter SW ID Units Codes SWSL 2L*

Field pH 320 Std. Units 5193 6.0 9.2 6.2 6.1 6.5-8.5
Field Spec. Conductance 323 umho/cm 5193 46 139 80 56

Temperature 325 C 5193 14.2 14.9 14.5 8.4
Top Casing 328 msl-feet  844.07 861.47 836.98

Depth to Water 318 feet  38.43 54.15 25.26
Water Elevation 319 msl-feet 805.64 807.32 811.72

Well Depth 41 feet  44.38 63.08 37.46
Arsenic 14 ug/L 12 5.0 U 2.9 J 5.0 U 5.0 U 5.0 U 10 50
Barium 15 ug/L 12 33.4 J 68.6  96.7  62.8 J 0.3 J 100 2000
Boron NE ug/L 12 50.0 U 50.0 U 50.0 U 15.8  50.0 U NE 315

Cadmium 34 ug/L 12 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 1.75
Chloride 301 ug/L 12 5000 U 5000 U 5000 U 5000 U 5000 U NE 250000

Chromium 51 ug/L 12 0.44 J 12.8  4.2 J 1.6 J 5.0 U 10 50
Copper 54 ug/L 12 5.0 U 5.0 U 2.3 J 2.5 J 5.0 U 10 1000
Fluoride 312 ug/L 12 110.0 J 100.0 U 290.0 J 110.0 J 100.0 U 2000 2000

Iron 340 ug/L 12 167 J 258 J 3810  2210  50 U 300 300
Lead 131 ug/L 12 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 10 15

Manganese 342 ug/L 12 3.0 J 4.3 J 51.5  22.1 J 5.0 U 50 50
Mercury 132 ug/L 12 0.20 U 0.20 U 0.20 U 0.20 U 0.20 U 0.20 1.05
Nickel 152 ug/L 12 5.0 U 5.0 U 2.7 J 5.0 U 5.0 U 50 100

Nitrate (as Nitrogen) 303 ug-N/L 12 100 U 581 J 439 J 237 J 100 U 10000 10000
Selenium 183 ug/L 12 10.0 U 10.0 U 10.0 U 10.0 U 10.0 U 10 50

Silver 184 ug/L 12 0.58 J 0.84 J 0.47 J 0.26 J 0.22 J 10 17.5
Sulfate 315 ug/L 12 5000 U 5000 U 5000 U 9520 J 5000 U 250000 250000

Total Dissolved Solids 311 ug/L 12 64000  102000  54000  76000   NE 500000
Zinc 213 ug/L 12 10.0 U 10.0 U 8.7 J 4.0 J 6.3 J 10 1050

Notes:
15A NCAC 2L = 15A NCAC 2L .0200, Groundwater Quality Standards for Class GA groundwater 
NC SWSL = North Carolina Solid Waste Section Limit
J = Parameters are estimated values greater than MDL but less than the SWSL
U = Value below Laboratory Reporting Limit
BOLD VALUES indicate a values that attain or exceed the 15A NCAC 2L Groundwater Standards. 
Values in gray cells indicate values that attain or exceed the SWSL.
Values shown in italics represent values reported by the laboratory as Non Detect.  Duke has chosen to present these values as equal to the Laboratory Reporting Limit.
* Maximum Contaminant Level (MCL)
NE = Not established

FIELD
BLANK

April 30, 2009DUKE ENERGY
GROUNDWATER MONITORING REPORT

1809-MS-14 1809-MS-15 1809-MS-16 1809-SW-1
 Monitoring Well Identification
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